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Summary. – We study the effect of foreign R&D transferred through imports
and FDI on domestic technical efficiency using stochastic frontier analysis.
Unbalanced panel results from a 77-country sample over 1986-2007 show
that FDI- and imports-transferred foreign R&D have a significant impact on
domestic country’s technical efficiency. Furthermore, we observe a
complementarity between FDI-transferred R&D and domestic human capital.
In other words, the domestic country needs to obtain a threshold level of
human capital to benefit from FDI-transferred R&D. Other macro conditions
such as infrastructure, political stability, and urbanization also help to improve
the technical efficiency of a country.
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1. Introduction
The development of endogenous growth theory has put
international technology diffusion in a central position in the recent
literature on economic growth. Endogenous growth theories emphasize
that technology improvement and human capital accumulation are the
main engines of economic growth (Aghion & Howitt, 1992; Barro &
Sala-i-Martin, 1997; Romer, 1990). Macro-level studies show that
world research and development (R&D) activities tend to be
concentrated in developed OECD countries. For instance, the U.S.,
Japan, the U.K., France, Germany, Italy, and Canada took up 92% of
OECD R&D expenditure in 1991 (Coe, Helpman, & Hoffmaister, 1997).
In 2007, the U.S., Japan, Germany, France, and the U.K. accounted
for approximately 60% of world total R&D expenditure (UNESCO,
2009). Knowledge creation and technological innovations in these
developed countries tend to promote their productivity growth. Yet,
with increasing globalization, open economies constantly interact with
each other in both product and capital markets. Knowledge created in
a particular country generally transcends its national boundary and
R&D spillovers will not be confined within one country. In other words,
technological innovations in certain countries can be transferred to
foreign economies through various channels such as foreign direct
investment (FDI) and international trade, and the international
diffusion of knowledge and innovations may be a major reason of total
factor productivity (TFP) growth in many economies.
A large body of theoretical and empirical research has examined
the impact of foreign R&D on domestic productivity and its importance
has been recognized by many. Seminal studies include Grossman and
Helpman (1991), Coe and Helpman (1995), Coe, et al. (1997), and
van Pottelsberghe de la Potterie and Lichtenberg (2001).1 For instance,
Coe and Helpman (1995) find a significant contribution of international
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R&D spillovers to the TFP growth of 22 developed countries. Focusing
on imports as a channel of R&D spillovers, Coe, et al. (1997) estimate
that a one-percent increase in foreign R&D raises the productivity
growth in less developed countries (LDCs) by 0.06%, other things held
constant.
However, as argued by Henry, Kneller, and Milner (2009), by
mainly focusing on technology transfer and productivity, the literature
might be providing only a partial explanation of the cross-country
productivity differences since countries are likely to differ in the
efficiency with which they use technologies. It is well acknowledged
that a country's productivity as well as its economic growth
performance depends on “the extent of technology transfers from the
leading countries and the efficiency with which they are absorbed and
diffused” (Blomstrom, Lipsey & Zejan, 1994, p.10) (see also Eaton &
Kortum, 1996; Kneller & Stevens, 2006). Consequently, having access
to technology transfer from foreign countries is not necessarily
equivalent to productivity growth. It is also critical to understand
whether the technology transfer can be utilized efficiently in a
domestic country.
In this study, we employ a stochastic frontier model to explore
the extent to which foreign R&D transfer contribute to domestic
technical efficiency. Our study contributes to the literature in two
respects. First, productivity growth in general consists of two
components: (i) technical efficiency improvement, and (ii) technical
change. Technical efficiency is defined as a country's ability to obtain
maximum output from a given vector of inputs, so technical efficiency
improvement refers to the movements toward the production frontier.
On the other hand, a technical change leads to an outward shift of the
production frontier. Growth-accounting methodology provides an
empirical framework to study sources of economic growth
(Solow,1957). It breaks down the growth rate of total output in an
economy into two sources: an increase in the amount of factors of
production used, and an increase in productivity -- “technical change”,
measured as a residual often referred to as the “Solow residual”
(Kendrick, 1961; Jorgenson & Griliches, 1967). A potential caveat is
that previous analyses of TFP based on the Solow residual calculation
generally do not distinguish between technical efficiency change and
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technical change. Typically, all countries are assumed to be perfectly
efficient and operate on their production frontier as Mastromarco and
Ghosh (2009) note, “the use of the residual as technical change
is reasonable only if all countries are producing on their Frontier”
(p491) (see also Kumbhakar & Lovell, 2000).
As production efficiency varies across countries, we revisit
studies of international R&D spillovers (Coe & Helpman, 1995; Coe, et
al., 1997) to investigate the impact of international R&D on the
domestic country's technical efficiency. We take the approach of
stochastic frontier analysis suggested by Battese and Coelli (1995),
which estimates the production frontier and describes the deviation of
a country's production from its best practice for panel data.2 The major
advantage of using the stochastic frontier model is that we can relax
the assumption that individual countries always operate on their
production frontier. By applying the stochastic frontier model, we can
understand technical efficiency variation across countries and also
analyze factors that affect technical efficiency change.
Second, previous research adopting the stochastic frontier
framework primarily focuses on the role of trade or FDI itself as a
determinant of technical efficiency (Kneller & Stevens, 2006;
Mastromarco, 2008; Nourzad, 2008; Wijeweera, Villano, & Dollery,
2010). Few have focused on the role of trade and FDI as conduits for
international R&D transfer with exceptions of Henry, et al. (2009) and
Mastromarco and Ghosh (2009). Henry, et al. (2009) study imports as
a channel of transferring international R&D into 57 less developed
countries (LDCs) over the time period of 1970-1998. The authors find
that trade is an important channel for international technology
diffusion, which increases the individual country's ability to move
toward its production frontier. The results are echoed in Mastromarco
and Ghosh (2009). Based on panel data from 57 LDCs from 19602000, Mastromarco and Ghosh find that inward FDI, imports, and
foreign R&D transferred through imports all have a positive effect on a
domestic country's technical efficiency.
In our paper, we consider both FDI and trade as conduits for
R&D transfer and estimate their effects on domestic technical
efficiency. While Henry, et al. (2009) and Mastromarco and Ghosh
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(2009) investigate imports as the only channel of international R&D
spillovers, such spillovers can occur through inward FDI as well. World
imports indeed have a larger value than world FDI inflows. But
compared to imports, capital flows by many measures have grown
much faster. The annual average growth of world FDI inflows, more
than doubling the growth rate of world imports, was 23.6% over the
period of 1986-1990, 20% over 1991-1995, and 30.1% over 20052007. Studying the impact of international R&D diffusion on TFP,
Hejazi and Safrian (1999) point out that excluding FDI may result in
“attributing to trade spillovers that are actually occurring through
FDI” (p.492). The authors find that FDI is an important channel of
transferring foreign knowledge stock, which has a positive impact on
domestic country's TFP (see also Xu & Wang, 2000). Furthermore, a
recent study by Keller and Yeaple (2009) investigates the effect of the
international technology spillovers on the growth of TFP in the U.S.
manufacturing industry. Keller and Yeaple argue that productivity
spillovers can come from either FDI or imports. Using firm level data
over 1987-1996, they find that the spillover effect of inward FDI is
significantly stronger than the spillover effect of imports on domestic
firms' TFP growth (Wang & Blomström, 1992; Rodriguez-Clare, 1996;
Brambilla, Hale, & Long, 2009).
Following Coe and Helpman (1995) and Coe, et al. (1997), we
take 20 developed OECD countries (OECD20) as the source of
international R&D. We employ data from 77 countries over the time
period of 1986- 2007. Complementing Henry, et al. (2009) and
Mastromarco and Ghosh (2009) on technical efficiency, our paper is
the first to study both inward FDI and imports as channels for foreign
R&D transfer systematically. Comparing the impact of inward FDItransferred R&D to the impact of imports-transferred R&D, we can also
draw inferences on, for example, which one has a larger influence on
technical efficiency.
To preview our results, we find that foreign R&D transferred
through FDI and imports has a positive impact on domestic technical
efficiency. Our findings also suggest a complementarity between FDItransferred foreign R&D and domestic human capital. For countries
with higher level of human capital, the positive effect of FDItransferred foreign R&D on domestic technical efficiency will be larger.
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This finding is consistent with the argument that the level of human
capital is positively related to a country's capacity to absorb new
knowledge and technology (Kneller & Stevens, 2006). Other factors
such as infrastructure, political stability, and urbanization also help to
improve the technical efficiency of a country.
In terms of the level of efficiency, OECD20 are among the most
efficient countries in the world with an average efficiency score of
0.913 (maximum value of one, which indicates a country is operating
on its production frontier). Among LDCs in our sample, Asian
economies obtain the highest level of efficiency at 0.816 over the
period of 1986-2007, while sub-Saharan countries tend to fall in the
group of least efficient economies with an average efficiency score of
0.576.
We estimate that foreign R&D transferred through imports and
FDI together account for 9.97% of the world technical efficiency. This
means that the average level of technical efficiency would have been
9.97% lower were it not for the positive effect of foreign R&D transfer.
Inward FDI-transferred foreign R&D plays an important role in
improving a country's technical efficiency. Specifically, our results
suggest that the potential improvement in world average technical
efficiency is 3.1% with an increase in inward FDI-transferred R&D. On
the other hand, an increase in imports-transferred R&D leads to a 3%
improvement in world technical efficiency.
Our paper is organized as follows: Section 2 outlines the
stochastic frontier model; section 3 presents empirical specification
and data. We discuss empirical results in section 4 and offer
conclusions in section 5.

2. Stochastic Frontier Model General Framework
We analyze countries’ technical efficiency based on the approach
of the stochastic frontier technique (Aigner, et al., 1977). The
stochastic frontier model estimates the maximum output level for a
country based on a set of production inputs. The difference between a
country’s maximum output and its actual output is defined as the
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technical inefficiency. The general specification of a frontier model is as
follows:

1𝑛𝑌𝑖𝑡 = 1𝑛𝑋𝑖𝑡 𝛽 + (𝑣𝑖𝑡 − 𝑢𝑖𝑡 ),
(1)

i and t are country and year indexes, respectively; Y
represents the real output of a country, X is a vector of production
inputs, and β is the corresponding vector of coefficients. The error
where subscripts

(𝑣𝑖𝑡 − 𝑢𝑖𝑡 ) in equation (1) consists of two components: a
random error, 𝑣𝑖𝑡 , and the technical inefficiency, 𝑢𝑖𝑡 . The random
error term, 𝑣𝑖𝑡 , is assumed to have an iid normal distribution, i.e.,
𝑣𝑖𝑡 ~𝑁(0, 𝜎𝑣2 ); the technical inefficiency term, 𝑢𝑖𝑡 , is defined by the
truncation (at zero) of the normal distribution with mean, 𝜇𝑖𝑡 , and
variance, 𝜎𝑢2 . In addition, the inefficiency effects are assumed to be
term

independently distributed for different countries and years.
The mean of the distribution can be represented as a linear function of
certain determinants, included in the
vector Z (Battese & Coelli, 1995):

𝜇𝑖𝑡 = Ζ𝑖𝑡 𝛿 .
(2)
Kumbhakar, Ghosh, and McGuckin (1991) propose a singlestage maximum likelihood procedure to estimate equations (1) and
(2). Battese and Coelli (1995) extend and modify this procedure for
the use of panel data. In this context, technical efficiency (TE) is
defined as the ratio of actual output to the maximum output level and
can be calculated as:3

𝑇𝐸 = 𝐸[𝑒𝑥𝑝(−𝑢𝑖𝑡 )|𝜀𝑖𝑡 ].
(3)
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3. Empirical Specification and Data
(a) Production function
We model the production function (1) with the more flexible
translog functional form. The translog functional form is preferred to
the Cobb-Douglas functional form for frontier analysis given that the
translog function does not impose constant elasticity of substitution
(Kneller & Stevens, 2003; Kumbhakar & Wang, 2005). The log linear
form of our translog production function gives:

1
ln 𝑌𝑖𝑡 = 𝛽0 + 𝛽𝐾 ln 𝐾𝑖𝑡 + 𝛽𝐿 ln 𝐿𝑖𝑡 + 𝛽𝐻 ln 𝐻𝑖𝑡 + 𝛽𝐾𝐾 (ln 𝐾𝑖𝑡 )2
2
1
1
+ 𝛽𝐿𝐿 (ln 𝐿𝑖𝑡 )2 + 𝛽𝐻𝐻 (ln 𝐻𝑖𝑡 )2 + 𝛽𝐾𝐿 (ln 𝐾𝑖𝑡 × ln 𝐿𝑖𝑡 )
2
2
+ 𝛽𝐾𝐻 (ln 𝐾𝑖𝑡 × ln 𝐻𝑖𝑡 ) + 𝛽𝐿𝐻 (ln 𝐿𝑖𝑡 × ln 𝐻𝑖𝑡 ) + 𝛽𝑌𝑟 𝑌𝑒𝑎𝑟
+ 𝛽𝑌𝑟𝑠𝑞 𝑌𝑒𝑎𝑟 2 + 𝛽𝑌𝑟𝐾 (𝑌𝑒𝑎𝑟 × ln 𝐾𝑖𝑡 )
+ 𝛽𝑌𝑟𝐿 (𝑌𝑒𝑎𝑟 × ln 𝐿𝑖𝑡 ) + 𝛽𝑌𝑟𝐻 (𝑌𝑒𝑎𝑟 × ln 𝐻𝑖𝑡 )
+ 𝛽𝑅 𝑅𝑒𝑔𝑖𝑜𝑛𝑠 + (𝑣𝑖𝑡 − 𝑢𝑖𝑡 )
(4)

K, L, and H represent physical capital, labor force, and human
capital, respectively; Regions are regional dummy variables
where

representing Asia, Latin America and the Caribbean (LAC), Middle East
and North Africa (MENA), and sub-Saharan Africa (SSA).4 We include
time trend (Year) and the time-squared variables to allow for nonmonotonic technical change. The interaction variables between trend
and production inputs are also included in equation (4) for the
possibility of non-neutral technical change.
We measure output by real GDP in millions of constant 2000
dollars. Data on GDP and labor force come from the World
Development Indicators (WDI) published by the World Bank. There are
no readily available data on physical capital stock, and we estimate
physical capital stock using the perpetual inventory method commonly
adopted in the literature:
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𝐾𝑖0 =

𝑖𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡𝑖0
𝑔𝑖 +𝑑

,
(5)

and

𝐾𝑖𝑡 = (1 − 𝑑)𝐾𝑖𝑡−1 + 𝑖𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡𝑖𝑡 ,
(6)

𝐾𝑖0 represents the initial physical capital stock for country i ;
𝑖𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡𝑖0 is the initial domestic investment in country i ; 𝑔𝑖 is a
where

weighted average of the world and country

i ’s GDP growth rate over

the first decade of our sample period. Following Easterly and Levine
(2001), the world average GDP growth rate is given the weight of 0.75

i ’s average GDP growth rate is given the weight of 0.25
to calculate 𝑔𝑖 ; d represents the depreciation rate of physical capital
and country

and is assumed to take the value of 0.07.5 Gross fixed capital
formation data used to calculate physical capital stock are also
collected from the WDI.
Our measure of human capital comes from Barro and Lee
(2000) and is the average years of secondary schooling in the total
population over the age of 15. The schooling data are reported every
five years (1960, 1965, 1970, …). As a result, schooling for 1985
reported in Barro and Lee is used in our sample for human capital over
1985-1989; schooling reported for 1990 is used in our sample for
1990-1994; and so on. Since the data are available up to 2000, linear
interpolation is used for schooling data over 2004-2007. In addition,
we also employ an alternative measure of human capital, secondary
school enrollment rate, for robustness check. The enrollment rate is
provided by the United Nations Educational, Scientific, and Cultural
Organization (UNESCO).6

(b) Inefficiency function
Variables included in the average technical inefficiency function
represent a country’s infrastructure, openness, urbanization, political
stability, and knowledge stock transferred by foreign investment and
imports. The average technical inefficiency function is represented as
follows:
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𝜇𝑖𝑡 = 𝑍𝑖𝑡 𝛿 = 𝛿0 + ∑ 𝛿𝑛 𝓏𝑛,𝑖𝑡 = 𝛿0 + 𝛿1 ln 𝐼𝑁𝐹𝑅𝐴𝑖𝑡 + 𝛿2 𝑂𝑃𝐸𝑁𝑖𝑡 + 𝛿3 𝑈𝑅𝐵𝑖𝑡
𝑛=1

+ 𝛿4 ln 𝑃𝑆𝑖𝑡 + 𝛿5 ln 𝑅𝐷𝑖𝑡𝐹𝐷𝐼 + 𝛿6 ln 𝑅𝐷𝑖𝑡𝑀 + 𝛿7 (ln 𝑅𝐷𝑖𝑡𝐹𝐷𝐼 × ln 𝐻𝑖𝑡 )
+ 𝛿8 (ln 𝑅𝐷𝑖𝑡𝑀 × ln 𝐻𝑖𝑡 )
(7)
where

(ln 𝑅𝐷𝑖𝑡𝐹𝐷𝐼 )

is the log value international R&D transferred by

inward FDI and (ln 𝑅𝐷𝑖𝑡𝑀 ) is the log of international R&D transferred by
imports into country

i .7

Previous literature has discussed the important role of domestic
absorptive capacity in adopting new technologies from foreign
countries (Borensztein, et al., 1998; Cohen & Levinthal, 1989; Findlay,
1978; Glass & Saggi, 1998). Findlay (1978) theoretically studies the
relationship between relative backwardness and the speed of adopting
new technologies and spillover benefits from multinational
corporations. Findlay concludes that the positive effect of FDI
spillovers is stronger the larger the technology gap between home and
host countries. However, more recent studies tend to argue differently.
For example, Glass and Saggi (1998) take the technology gap as an
indicator of the host's absorptive capacity. The authors suggest that
when the gap is large, the host country might not have a sufficient
level of human capital to benefit from the technology transferred by
FDI. Similarly, Borensztein, et al. (1998) argue that inward FDI will
promote a host country’s economic growth only when that host
country achieves a certain absorptive capacity, measured by a
threshold level of average years of secondary schooling. In other
words, there exists a complementarity between inward FDI and a host
country’s human capital in promoting that host country's economic
growth. To explore whether a similar complementarity exists in our
model and the extent to which human capital affects a country's
adoption of foreign R&D, we include the two interactive terms in the
𝐹𝐷𝐼
𝑀
regression, ln 𝑅𝐷𝑖𝑡 × ln 𝐻𝑖𝑡 and ln 𝑅𝐷𝑖𝑡 × ln 𝐻𝑖𝑡 . If a country needs
to achieve a certain level of human capital to benefit from foreign R&D
in terms of reducing inefficiency, we should observe negative and
significant coefficients on the interactive terms. World R&D activities
tend to be concentrated in developed OECD countries (Coe & Helpman,
1995; Coe, et al., 1997). As mentioned previously, approximately 60%
of world total R&D expenditure (UNESCO, 2009) in 2007 came from
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the U.S., Japan, Germany, France, and the U.K. Following Coe and
Helpman (1995) and Coe, et al. (1997), we take 20 developed OECD
countries (OECD20) as the source of international knowledge stock,
which can be transferred to country i through FDI from OECD20
𝐹𝐷𝐼
𝑀
(𝑅𝐷𝑖
) and through imports in country i from OECD20 (𝑅𝐷𝑖 ).8 All
other non-OECD20 countries in our sample are categorized as LDCs.
For each of the LDCs in our sample, 𝑅𝐷 𝐹𝐷𝐼 is the bilateral-inward FDIshare weighted sum of OECD20's domestic R&D capital stock and

𝑅𝐷𝑀 is the bilateral-imports-share weighted sum of OECD20's
domestic R&D stock. For any one of the OECD20 countries, 𝑅𝐷 𝐹𝐷𝐼 and
𝑅𝐷𝑀 represent the bilateral-inward FDI-share weighted sum and the
bilateral-imports-share weighted sum of the other 19 OECD countries'
domestic R&D capital stock, respectively. In particular, for any year t:

𝑅𝐷𝑖𝑡𝐹𝐷𝐼 = ∑𝑗𝜖{𝑂𝐸𝐶𝐷20}

𝐹𝐷𝐼𝑗𝑖𝑡
𝐹𝐷𝐼𝑗𝑡

× 𝑅𝐷𝑗𝑡 , for j ≠ i
(8)

𝑅𝐷𝑖𝑡𝑀 = ∑𝑗𝜖{𝑂𝐸𝐶𝐷20}

𝑀𝑗𝑖𝑡
𝐸𝑗𝑡

× 𝑅𝐷𝑗𝑡 , for j ≠ i
(9)

where 𝑅𝐷𝑗𝑡 is the level of domestic R&D capital stock in country

j , for

𝑗𝜖{𝑂𝐸𝐶𝐷20}, and 𝑖𝜖{𝑂𝐸𝐶𝐷20, 𝐿𝐷𝐶𝑠}. In equation (8), the term

𝐹𝐷𝐼𝑗𝑖

i from country j , and 𝐹𝐷𝐼𝑗
represents total FDI outflows from country j to all i s. In equation (9),
𝑀𝐽𝐼 represents imports in country i from country j and 𝐸𝑗 is the total
exports from country j to all i s.9
represents inward FDI in country

To calculate the real value of domestic R&D capital stock in each
of the OECD20 countries, we employ data on real gross domestic R&D
expenditure, which is used as a proxy for annual R&D investment.
Then a perpetual inventory method similar to the one used for
constructing physical capital stock is applied (equations (5) and (6)) to
estimate the R&D capital stock.10 We obtain data on annual bilateral
FDI from OECD International Direct Investment Database. Trade data
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are from the OECD Monthly Statistics of International Trade Database.
Real gross domestic R&D expenditure in OECD20 is from the OECD
Science and Technology Statistics.
Figure 1 represents our calculated foreign R&D transferred
through inward FDI and imports for LDC regions in our sample over
1986-2007.11 On average, Asian economies received the largest value
of international knowledge stock transferred through inward FDI and
imports from OECD20. Latin America and the Caribbean (LAC) and
Middle East and North Africa (MENA) had comparable levels of
international R&D transferred through different channels. Countries in
sub-Saharan Africa (SSA) received the smallest amount of foreign
R&D among all LDCs. For example, the foreign R&D stock transferred
into Asia was 6100% larger than that into SSA through FDI, and
3900% larger than that into SSA through imports. R&D transferred
into LAC was 354% and 256% larger than that into SSA through FDI
and imports, respectively. Similarly, R&D transferred into MENA
through FDI was 285% larger than that in SSA, and 245% larger than
that in SSA through imports. Furthermore, Asian countries experienced
the most stable increase in foreign R&D transferred through inward
FDI. The foreign knowledge stock transferred through FDI rose in
other LDC regions in 1986-2007 as well, but fluctuated quite
considerably, especially in MENA and SSA. In contrast, the knowledge
stock transferred through imports into LDCs was much more stable.
Asia and LAC had shown a stronger growth in foreign R&D transferred
through imports than MENA and SSA. MENA and SSA illustrated very
similar dynamic patterns in terms of knowledge stock transferred
through imports.
[FIGURE 1 ABOUT HERE]
The significance of infrastructure (INFRA) in the process of
economic development has long been recognized. An adequate and
reliable supply of infrastructure (e.g., infrastructure associated with
communication and transportation) facilitates mobility and efficient
allocation of inputs as well as final products, reduces transaction costs,
and improves productivity (Roller & Waverman, 2001). In addition,
access to phones, power, and paved roads provides individuals with
improved choice and can lead to a higher living standard. A number of
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studies (Fedderke, Perkins, & Luiz, 2006; Um, Straub, & Vellutini,
2009) have illustrated the significant impact of infrastructure on
economic growth and productivity. Infrastructure in our paper is
proxied by the number of cell phone and land-line phone subscriptions
per 100 people in a country (Ding, Haynes, & Liu, 2008). We expect
better infrastructure to promote technical efficiency.
While economic theory is fairly clear on the effect of
infrastructure, the effect of openness of a country (OPEN) on technical
inefficiency can be rather uncertain. On the one hand, openness of a
country allows dissemination of knowledge in the economy,
encourages competition, and promotes economic growth (Young,
1991; Dollar & Kraay, 2004). On the other hand, Sachs and Warner
(1999) point out that trade liberalization can have a long-term
negative impact on a country’s development if it leads to specialization
in extractive sectors (Rodriguez & Rodrik, 1999). In our study, we
include a measure of openness, which is the sum of imports and
exports as a share of GDP. The potential impact of openness on
efficiency is ambiguous.
Urbanization is an important factor that can affect technical
efficiency through several channels. But it has long been omitted from
studies on economic performance. Jayasuriya and Wodon (2005)
argue that “with the presence of universities, research centers, and
many firms, cities thrive… facilitating spillovers” (p.122). In addition,
Adams (2001) and Quigley (1998) point out cities help to maintain
personal contacts and also provide a better match between skills and
needs. We include as a measure of urbanization (URB) in our
regressions the share of a country’s population living in urban areas.
We expect that an increase in urbanization will decrease technical
inefficiency.
The last variable included in the inefficiency function is the
political stability of a country (PS). Better institutions and political
stability help to secure property rights and reduce information costs
and in turn help to promote technical efficiency (Klein & Luu, 2003).
Countries with poor institutional quality tend to exhibit worse growth
performance (Rodrik, 1999). We employ the political risk index from
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the International Country Risk Guide to measure a country’s
institutional and political stability. This index is a composite score from
individual rankings of 12 components and ranges from zero (very
risky) to 100 (very stable).12 We expect that an improvement in
political stability will reduce inefficiency in a country.
Our data on infrastructure, openness, and urbanization are
collected from WDI. The International Country Risk Guide is published
by the Political Risk Service Group, Inc. We provide the summary
statistics for our sample in Table 1.
[TABLE 1 HERE]

4. Empirical Results
Empirical results are provided in Table 2. We report five
regressions for robustness checks. These five models are different in
terms of R&D depreciation rates, measures of human capital, and
whether we treat human capital as a factor of production or a
productivity-enhancing factor. We start with model 1 in which human
capital (years of schooling) is taken as a factor of production and R&D
is assumed to depreciate at 5%. In model 2, we change the R&D
depreciation rate to 10% (Kneller & Stevens, 2006; Mastromarco &
Ghosh, 2009). Models 3-5 all have 10% R&D depreciation rates. In
Model 3, human capital is measured by the secondary school
enrollment rate (Enroll) (Skidmore & Toya, 2002). In model 4, we
treat human capital as a productivity enhancing factor instead of a
factor of production (Tallman & Wang, 1994). In model 5, we control
for potential endogeneity problem in the inefficiency function. For
example, a more efficient country might attract more FDI, hence more
FDI-transferred R&D. To address this endogeneity concern, we use
lagged variables concerning FDI- and import-transferred R&D, which
are predetermined, instead of contemporaneous R&D transfers in
model 5.13
Table 2 is divided into three panels. Panel A shows results for
the production function and panel B includes results for the technical
inefficiency function. Note that in panel B we are estimating an
inefficiency function, so a negative coefficient on a variable indicates
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that an increase in the value of this variable will decrease inefficiency,
or increase efficiency. In panel C, we report results of four likelihood
ratio (LR) tests.
[TABLE 2 HERE]
As shown in Table 2, all five models provide similar qualitative
results. For the purpose of brevity, our future empirical discussions will
be based solely on results from model 2.14
We first compare the Cobb-Douglas functional form with the
translog form. The LR test indicates that the null hypothesis of the
Cobb-Douglas functional form can be rejected at the 1% level. Given
the specification of the translog function, the Cobb-Douglas is not an
adequate representation of the data. In addition, empirical results also
indicate non-neutral technical change over time. The coefficient on the
interaction between time and capital is in general positively significant
and the coefficient on the interaction between time and labor negative.
Theoretically, our results imply that technical change has been capital
saving and labor using. The isoquant in the production process is
shifting inwards at a faster rate over time in the capital-intensive part
of the input set (Coelli, Rao, O’Donnell, & Battese, 2005).
We define

𝛾 = 𝜎𝑢2 /𝜎 2 , where 𝜎 2 = 𝜎2𝑢 /𝜎2𝑣

(Battese & Coelli,

1995). The traditional ordinary least squares (OLS) method will
generate consistent estimates only when the inefficiency effects do not
exist. A likelihood-ratio test can be applied with a null hypothesis of
15

𝐻0 : 𝛾 = 𝛿0 = 𝛿1 = ⋯ = 0. If the null hypothesis is true, the test
statistic has approximately a chi-square (or a mixed chi-square)
distribution. Rejecting this null hypothesis suggests that technical
inefficiency is present in the model and the maximum likelihood
method is preferred to the traditional OLS.
The null hypothesis of no technical inefficiency is rejected at the
1% level in all regressions in Table 2. Given the specification of the
stochastic frontier model that is estimated, we cannot conclude that
the technical inefficiency effects do not exist. According to the value of
γ (model 2), 90.4% of the variations in

σ2 can be accounted for by

technical inefficiency. In addition, the likelihood ratio test on whether
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the inefficiency is a function of our

Z factors indicates that the null

hypothesis can be rejected at the 1% level, suggesting that
variables included in the technical inefficiency function explain the
sources of inefficiency. Furthermore, a significant

γ also tells us that

the maximum likelihood estimation technique is preferred to OLS.
Estimated coefficients in the translog function do not directly
represent the elasticity of output with respect to different inputs. As a
result, we calculate the elasticity as:

𝐸𝑥 =

𝜕 ln 𝑌
𝜕 ln 𝑥

= 𝛽𝑥 + 𝛽𝑥 2 ln 𝑥 + 𝛽𝑥𝑤 ln 𝑤 +

𝛽𝑡𝑥 𝑡, for 𝑥, 𝑤 𝜖{𝐾, 𝐿, 𝐻}, and 𝑥 ≠ 𝑤 .
(10)
The average elasticity of output with respect to physical capital

(Ek)

(EL) is 0.18,
and the elasticity of output with respect to human capital (EH) is 0.15.
is 0.76, the average elasticity with respect to labor

On average, our results suggest that output is more sensitive to a
change in physical capital than a change in labor and human capital.
These results are consistent with findings in Miller and Upadhyay
(2000). Miller and Upadhyay study the effect of trade openness and
human capital on total factor productivity. They find that

Ek is higher

than EL using a sample including both developed and developing
economies (see also, Koop et al., 1999, and Senjadij, 2000). Figure 2
displays box plots of output elasticity with respect to individual inputs
at different points of the distribution over different regions. For
regional elasticities, the estimated

Ek values in our study are within

the range of those in Henry et al. (2009) and Senhadji (2000).16
[FIGURE 2 HERE]
One implication that emerges from our inefficiency function
results is the importance of infrastructure, urbanization, and political
stability in affecting the domestic country's technical efficiency.
Infrastructure, urbanization, and political stability all have significantly
negative coefficients, indicating that these factors have positive effects
on technical efficiency. For example, the estimated coefficient on
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infrastructure suggests that a 1% increase in cell phone and land-line
phone subscriptions decreases a country’s technical inefficiency by
0.114%, holding other things constant. Similarly, a 1% increase in the
urbanization rate decreases the country’s inefficiency by 0.45% and a
one unit increase in the log value of political stability index decreases
the country’s inefficiency by 0.23%, ceteris paribus. In other words,
increasing urbanization and political stability along with an
improvement in infrastructure lead to higher technical efficiency. The
coefficient on the openness measure is positive and significant in all
regressions, indicating that trade openness actually increases technical
inefficiency. We do not have an a priori expectation for the coefficient
on openness given the mixed evidence in the literature. Our results
are consistent with conclusions of Sachs and Warner (1999), and
Rodriguez and Rodrik (1999).
The coefficient on the international R&D transferred through
imports (ln 𝑅𝐷𝑀 ) is negative and significant at the 1% level, which
implies that international R&D diffusion through imports helps improve
a country’s technical efficiency and confirms findings in Henry, et al.
(2009) and Mastromarco and Ghosh (2009). The estimated coefficient
on inward FDI-transferred foreign R&D (ln 𝑅𝐷𝐹𝐷𝐼 ) is negative and
significant at the 5% level, suggesting that FDI is also an important
channel of international R&D diffusion and helps individual countries to
move closer to their production frontiers.
The positive effect of foreign R&D on efficiency is robust across
different regions. We plot the estimated technical efficiency for
individual countries against their FDI-transferred R&D and importtransferred R&D by regions in Figure 3. International R&D transfers
are positively associated with the level of technical efficiency in the
developed OECD20 group as well as in all LDC regions in our sample
(Asia, LAC, MENA, and SSA). Figure 3 also shows that the marginal
effect of FDI- and import-transferred R&D may be the smallest in the
OECD20 group, which could be caused by diminishing marginal
product of foreign R&D.
[FIGURE 3 HERE]
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The interaction between ln 𝑅𝐷𝐹𝐷𝐼 and human capital is negative
and significant at the 1% level, while the coefficient on the interactive
term, ln 𝑅𝐷𝑀 × ln 𝐻, is positive. These results suggest that FDItransferred foreign R&D will further improve the host country's
technical efficiency if the host country achieves a higher level of
human capital. Consequently, continued government efforts in
increasing the level of human capital and focusing on investment in
secondary education will strengthen the beneficial effect of foreign
R&D transfer on domestic efficiency. These results are consistent with
Borensztein, et al. (1998). Similar results are also obtained by Li and
Liu (2005) and, at the industry level, by Girma and Gorg (2007), who
find that an absorptive capacity is more important for a country to
benefit from FDI than from international trade.
We present average efficiency scores for individual countries in
the Appendix (Table A). In our sample, the estimated average level of
technical efficiency across all countries is 0.78, implying a mean
technical inefficiency of 0.25.17 If the log value of inward FDItransferred foreign R&D rises by one unit, the technical inefficiency will
change by

−0.0127 − 0.021 × ln 𝐻 units, depending on the level of

human capital in individual countries. In terms of the impact of foreign
R&D transferred through imports, a one unit increase in the log value
of import-transferred foreign R&D changes inefficiency by

−0.0138 −

0.034 × ln 𝐻 units, other things constant. In figure 4, we present box
plots of the impact of FDI- and imports-transferred foreign R&D on
inefficiency for countries in our sample. It appears that importtransferred foreign R&D has a larger impact in general on decreasing
inefficiency (an average of -0.13) than FDI-transferred foreign R&D
(an average of - 0.02).
[Figure 4 Here]

(a) Regional efficiency
On average, world technical efficiency rose by 15.8% from
0.734 in 1986 to 0.85 in 2007. The U.K. was the most efficient country
in the world with an average level of technical efficiency at 0.98 over
1986-2007. The technical efficiency level in LDCs improved on average
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from 0.665 in 1986 to 0.832 in 2007, representing a 25.1% increase.
There exist considerable differences across LDCs regions as shown in
Figure 5. Asian countries operate at a higher efficiency level than other
LDC groups. Obtaining an average efficiency score of 0.82 over the
period of 1986-2007, Asian economies are 7.2% more efficient than
countries in LAC, 2.15% more efficient than MENA economies, and
41.5% more efficient than sub-Saharan African countries.
[Figure 5 Here]
It is worth emphasizing that Asia, LAC, MENA, and sub-Saharan
Africa experienced very different dynamics in technical efficiency
change. The efficiency score in Asia rose consistently over 1990-1996.
It plunged in 1997 and reached a trough in 1998, which might be due
to the negative impact of the Asian financial crisis in 1997 on the
macroeconomy. But the level of technical efficiency in Asia soon
recovered and began rising again in 1999.
In contrast, LAC endured a long span of stagnant efficiency from
1986 to the early 2000s. This stagnation of efficiency for almost two
decades in LAC could be explained by its unstable macro environment.
In the 1980s and 1990s, LAC suffered from 36 severe banking/balance
of payments crises. The inflation in LAC was at an average rate of
176.9% in the 1980s and 49.5% in the 1990s and the growth of
productivity in both time periods in LAC was negative (Fraga, 2004).
The increase in the level of technical efficiency is also evident
for MENA economies. With the exception of 1986-1991, countries in
MENA are on a path of fast improvement in efficiency. As pointed out
by Yousef (2004), MENA countries experienced a drastic decrease in
physical capital accumulations in the 1980s, which was caused by a
decline in public revenue. But by the early 1990s, debt levels and
inflation rates in MENA were brought under control. In addition,
“governments also began a gradual transition to structural adjustment
– a move strongly supported by international financial institutions and
Western governments – including privatization of state-owned
enterprises, trade liberalization, deregulation and strengthening the
institutional foundations for a market-led economy" (Yousef, 2004, p.
99). The level of technical efficiency in sub-Saharan Africa fluctuated
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over the period of 1986-1995 without an evident increase. But starting
the second half of the 1990s, we observe a consistent upward trend in
technical efficiency in sub-Saharan Africa.
Large variations in individual countries' performance within each
region are quite evident as well. Table 3 presents the level of technical
efficiency in different regions in five periods 1986-1989, 1990-1994,
1995-1999, 2000-2004, and 2005-2007 as well as our entire sample
span of 1986-2007. We also report the efficiency scores of the 10 most
efficient LDCs and the 10 least efficient LDCs in Table 4. Over our
sample period, Latin America (Argentina, Brazil, Chile, Mexico,
Uruguay) and Asia (Hong Kong, India, Singapore) dominate the list
of the most efficient LDCs, while sub-Saharan African countries
account for the majority of the least efficient countries. As illustrated
in Table 3, although the average efficiency score in sub-Saharan Africa
was around 0.58, South Africa, the most efficient country in subSaharan Africa, achieved a level of efficiency above 0.9 in all five
periods. On the other hand, Malawi and Togo are in the group of least
efficient countries in sub-Saharan Africa with a score of 0.38 or lower.
In other words, over 1986-2007, the most efficient country in subSaharan Africa was 165.5% more efficient than the least efficient
country in the same region. This indeed is not a unique phenomenon
in sub-Saharan Africa. In Latin America, Argentina and Uruguay were
able to achieve a technical efficiency level above 0.95, comparable to
the OECD20 group. In contrast, the efficiency score for Guyana varied
between 0.23 and 0.35. The average level of technical efficiency in
Uruguay (0.946) was 222% higher than the average level of technical
efficiency in Guyana (0.294) over our entire sample period. Similar
patterns also exist in Asia and MENA, but the difference between the
most and the least efficient economies in Asia and MENA is not as
dramatic as in Latin America and sub-Saharan Africa. For example,
Hong Kong (0.941), the most efficient economy in Asia, was on
average 76.6% more efficient than Sri Lanka (0.53), the least efficient
economy in Asia. Egypt (0.86) as the most efficient country in MENA
was 22.9% more efficient than Syria (0.7), the least efficient country
in the region.
[TABLES 3, 4 HERE]
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(b) Contributions of foreign R&D to efficiency
We provide, in this section, estimations of the contribution of
foreign R&D transferred through FDI and imports to technical
efficiency in Tables 5 and 6. Table 5 presents the overall contribution
of R&D transferred through different channels to the current level of
technical efficiency as in Henry, et al. (2009). Table 6 presents the
potential efficiency ratio based on calculations proposed by Coelli,
Perelman, & Romano, 1999).
The technical efficiency score (TE) is calculated as (Battese &
Coelli, 1995; Coelli, et al., 1999):
1

𝑇𝐸𝑖𝑡 = 𝐸[exp(−𝑢𝑖𝑡 )|𝜀𝑖𝑡 ] = [exp (−𝜇𝑖𝑡 + 𝜎∗2 )] × {[1 −
2

Φ (𝜎∗ −

𝜇𝑖𝑡
𝜎∗

𝜇𝑖𝑡

)] / [1 − Φ (− 𝜎 )]},
∗

(11)
where

Φ(⋅) denotes the cumulative distribution function of the

standard normal variable and:

𝜇𝑖𝑡 = (1 − 𝛾)(𝛿0 + ∑8𝑛=1 𝛿𝑛 𝒵𝑛,𝑖𝑡 ) − 𝛾𝜀𝑖𝑡 , 𝜎∗2 = 𝛾(1 − 𝛾)𝜎 2 , and 𝛾 =
𝜎𝑢2 /(𝜎𝑢2 + 𝜎𝑣2 ),
(12)

[𝓏1 , ⋯ , 𝓏8 ] =
{ln 𝐼𝑁𝐹𝑅𝐴𝑖𝑡 , 𝑂𝑃𝐸𝑁𝑖𝑡 , 𝑈𝑅𝐵𝑖𝑡 , ln 𝑃𝑆𝑖𝑡 , ln 𝑅𝐷𝑖𝑡𝐹𝐷𝐼 , ln 𝑅𝐷𝑖𝑡𝑀 , ln 𝑅𝐷𝑖𝑡𝐹𝐷𝐼 ×
ln 𝐻𝑖𝑡 , ln 𝑅𝐷𝑖𝑡𝑀 × ln 𝐻𝑖𝑡 }.
where

In Table 5, we present the percentage of current technical
efficiency that is accounted for by foreign R&D transfer, following
Henry, et al. (2009). In this case, we calculate an upper limit and a
lower limit of the contribution of foreign R&D. The
in equation (12) is replaced by min

𝛿0 + ∑8𝑛=1 𝛿𝑛 𝒵𝑛,𝑖𝑡

(𝛿0 + ∑4𝑛=1 𝛿𝑛 𝒵𝑛,𝑖𝑡 ) for the
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lower limit of the contribution of foreign R&D transfer to efficiency
score, and by max

(𝛿0 + ∑4𝑛=1 𝛿𝑛 𝒵𝑛,𝑖𝑡 ) for the upper limit. The

contribution of foreign R&D reported in Table 5 is an average of the
upper and lower limits.
Over the period of 1986-2007, the average contribution of
foreign R&D transferred through inward FDI and imports to efficiency
across all countries is estimated to be 9.97%. This indicates that for a
country with an average level of technical efficiency of 0.85, its
efficiency score would have dropped to about 0.72 if it did not receive
any international R&D through FDI and imports.
At the regional/group level, the effect of foreign R&D appears to
be the strongest in OECD20 countries, with an average contribution of
foreign R&D transfer to domestic technical efficiency at 12.18%.
Among LDCs, the average effect of foreign R&D to efficiency is the
strongest in Asia and MENA at around 10.3%, followed by 9.77% in
LAC. The contribution of foreign R&D to technical efficiency is the
weakest in sub-Saharan Africa, with foreign R&D accounting for 6.65%
of the current level of technical efficiency. For instance, the average
level of technical efficiency in Asia over 1986-2007 was 0.82 and 0.58
in sub-Saharan Africa. Our results suggest that efficiency scores in
Asia and sub-Saharan Africa would have dropped to 0.736 and 0.542,
respectively, if these two regions did not receive any foreign R&D
through FDI and imports.
[TABLE 5 HERE]
An alternative measure of the contribution of foreign R&D to
efficiency, the “net technical efficiency”, is suggested by Coelli,
Perelman, and Romano (1999). While the calculation based on Henry,
et al. (2009) illustrates the technical efficiency score if a country did
not receive any foreign R&D transfer (it can be thought as a
“backward” comparison with its status quo), Coelli, et al. (1999)
provide a “forward” comparison by showing the potential domestic
technical efficiency if a country received more foreign R&D. We
construct the net technical efficiency by replacing

∑8𝑛=5 𝛿𝑛 𝒵𝑛,𝑖𝑡

with min (∑8𝑛=5 𝛿𝑛 𝒵𝑛,𝑖𝑡 ) in (12) and recalculating the efficiency
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scores. These adjusted predictions (or the “net technical efficiency”)
are predictions of efficiency scores when all countries face identical
foreign R&D transfer conditions (i.e. the most favorable foreign R&D
transfer condition). The difference between the net and the actual
technical efficiency scores can be interpreted as the potential
improvement in country i ’s level of efficiency if country i ’s foreign
R&D transfer through inward FDI and imports increases.
Table 6 reports the net technical efficiency (panel A) and the
ratio of net technical efficiency to the actual level of technical
efficiency across different regions (panel B), which we refer to as the
potential efficiency ratio (PER). Panel C in Table 6 presents the
potential efficiency ratio for foreign R&D transferred through inward
FDI and Panel D the potential efficiency ratio for foreign R&D
transferred through imports.
The average potential efficiency ratio over our entire sample
period is 1.035 for all countries, 1.011 for OECD20, and 1.059 for nonOECD20 groups. If foreign R&D transferred through both inward FDI
and imports in different countries improves to the most favorable
condition in our sample (i.e. the level of foreign R&D received by the
U.S.), the average technical efficiency score would rise by 1.1% in
OECD20 countries, and by 5.9% in non-OECD20 countries. As OECD20
countries are among the most efficient countries and already receive a
large value of foreign R&D, their “room” for improvement in efficiency
by receiving more foreign R&D is small (1.1%). However, LDCs can
experience a considerable improvement in efficiency with increasing
foreign R&D. If LDCs receive the same level of foreign R&D transferred
through FDI and imports as in the U.S., their level of technical
efficiency would increase, on average, by about 5.9%.
These results have important policy implications for developing
countries. LDCs may have limited resources devoted to their domestic
R&D capital stock. However, governments of LDCs can employ
preferential policies to encourage international trade and to attract
foreign investment. With R&D diffusion through imports and capital
inflows, LDCs may benefit substantially in terms of efficiency
improvement. Our results also provide information on how much
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improvement LDCs could achieve if they further liberalize their goods
and capital markets.
The average potential gain in efficiency over 1986-2007 was
6.9% for sub-Saharan countries, 4.4% for MENA economies, 3.9% for
LAC countries, and 2.3% for Asian economies. For example, countries
in LAC had an average efficiency score of 0.76 over 1986-2007. Our
estimates suggest that if foreign R&D received in LAC increased to the
level of foreign R&D received in the U.S., then the average technical
efficiency in Latin America would have risen to 0.79. Similarly, if the
foreign R&D received by countries in sub-Saharan Africa were the
same as the foreign R&D received by the U.S., the average level of
technical efficiency in SSA would have improved to 0.62 from 0.58.
[TABLE 6 HERE]
Given that international R&D transfer through both imports and
FDI inflows can improve the country's efficiency, how should
governments evaluate different policy options toward trade and FDI?
Again, this question is of particular importance to LDCs as they have
more room for efficiency improvement by receiving more foreign R&D.
In order to answer this question, it is necessary to further look at
contributions of FDI-transferred R&D and imports-transferred R&D
separately.
As shown in the lower panels of Table 6, the average potential
efficiency ratio is 1.031 with improvement in foreign R&D transferred
through inward FDI, and 1.03 with improvement in foreign R&D
transferred through imports over the period of 1986-2007.
At the regional level for all LDCs, the average potential
efficiency ratio ranges between 1.03 in Asia and 1.059 in sub-Saharan
Africa based on improvements in FDI-transferred R&D, and ranges
between 1.02 in Asia and 1.05 in sub-Saharan Africa based on
improvements in imports-transferred R&D. Take the estimated
potential efficiency ratios in 1995-1999 as an example. The actual
efficiency scores in Asia, LAC, MENA, and sub-Saharan Africa in 19951999 are 0.817, 0.762, 0.804, and 0.563, respectively. The potential
efficiency ratio for FDI transferred R&D in 1995-1999 is 1.033 for Asia,

World Development, Vol 40, No. 10 (October 2012): pg. 1982-1998. DOI. This article is © Elsevier and permission has
been granted for this version to appear in e-Publications@Marquette. Elsevier does not grant permission for this article
to be further copied/distributed or hosted elsewhere without the express permission from Elsevier.

24

NOT THE PUBLISHED VERSION; this is the author’s final, peer-reviewed manuscript. The published version may be
accessed by following the link in the citation at the bottom of the page.

1.034 for LAC, 1.044 for MENA, and 1.059 for sub-Saharan Africa.
These results suggest that holding everything else constant, if the FDItransferred foreign R&D received in these regions rose to the amount
received by the U.S., then the level of technical efficiency would
have increased to 0.844 in Asia, 0.788 in LAC, 0.839 in MENA, and
0.596 in sub-Saharan Africa. The potential efficiency ratios due to
improvement in imports-transferred R&D in 1995-1999 are 1.024,
1.031, 1.041, and 1.056 in Asia, LAC, MENA, and sub-Saharan Africa,
respectively. Consequently, this indicates that holding everything else
constant, if imports-transferred R&D in these LDCs could reach the
level of imports-transferred R&D in the U.S., the level of technical
efficiency would have risen to 0.837 in Asia, 0.786 in LAC, 0.837 in
MENA, and 0.595 in sub-Saharan Africa.
Focusing on individual non-OECD20 countries, we find that the
largest potential improvements in efficiency due to an increase in FDItransferred foreign R&D are between 6-7% in Mozambique, Malawi,
Mali, and Papua New Guinea and the smallest potential improvements
in efficiency are between 0.5-1% in Korea, Hong Kong, Argentina, and
Mexico. In terms of the potential improvements in efficiency due to an
increase in imports-transferred foreign R&D, the strongest effects are
between 7-9% for Gambia, Congo, and Sri Lanka. The smallest effects
are in Mexico and Brazil at 0.1-0.3%.
Our results show that the potential improvements in efficiency
due to imports-transferred foreign and inward FDI-transferred foreign
R&D are comparable. These positive impacts are especially important
to low- and middle-income countries.

5. Concluding Remarks
The dissemination of knowledge allows countries to benefit from
foreign R&D. Our paper contributes to the literature by focusing on
both FDI and imports as conduits of international technology spillovers
and studying to what extent FDI- and imports-transferred foreign R&D
affect domestic technical efficiency. Using stochastic frontier analysis
and panel data from both LDCs and developed OECD countries over
the period of 1986-2007, we find that cross-country differences in
technical efficiency can be explained by differences in foreign R&D
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spillovers, domestic country’s absorptive capacity, and other macro
conditions.
Our results confirm that imports are an important channel for
international R&D spillovers and also highlight the significant impact of
inward FDI-transferred foreign R&D on domestic technical efficiency.
Foreign R&D transferred through both inward FDI and imports on
average account for 9.97% of the world technical efficiency over 19862007, with the largest contribution in OECD20 at 12.18% and the
smallest contribution in sub-Saharan Africa at 6.65%. In addition, we
show that with an increase in the FDI-transferred R&D (to the most
favorable level in our sample), the world current level of technical
efficiency would improve by 3.1%. Similarly, with an increase in
imports-transferred foreign R&D, the world current level of technical
efficiency would improve by 3%.
There exist substantive variations in the level of efficiency
across countries in our sample. Not surprisingly, developed OECD
countries on average achieve the highest level of technical efficiency at
0.91. Among LDCs, Asian economies (0.82) typically obtain a higher
level of efficiency than other LDCs. Sub-Saharan African countries
consistently are among the least efficient economies with an average
technical efficiency score of 0.58 over our sample period.
Our results are meaningful to policymakers, especially
policymakers in LDCs. As LDCs may not have adequate domestic
resources to promote R&D stock accumulation, our study suggests that
adopting preferential policies to promote trade and capital flows and
increase the access to foreign R&D can be extremely important to the
improvement in efficiency for LDCs.
Efficiency also depends on other factors such as infrastructure
and political stability. Improvements in infrastructure and political
stability as well as increases in urbanization all help improve technical
efficiency in a country.
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Endnotes
1

2

3

4

5

6

See Keller (2004) for a detailed survey of the international R&D spillovers
literature.
The stochastic frontier model is initially used to study technical efficiency of
individual firms and later generalized to macroeconomic research
(Aigner, Lovell, & Schmidt, 1977; Battese & Coelli, 1988; Nourzad,
2008; Meeusen & van den Broeck, 1977).
For further technical details of the stochastic frontier model, we refer
readers to Battese & Coelli (1988, 1995).
We follow the theoretical framework of production function in Borensztein,
De Gregoio, and Lee (1998), in which human capital is considered as a
factor of production. For the purpose of robustness check, we also
estimate the model where human capital is assumed to be a laborenhancing factor (Tallman & Wang, 1994). Detailed estimated results
are presented in Section 4.
Values of physical capital stock were also calculated using d = 0.1 and the
empirical results are qualitatively similar to the results with d = 0.07
for physical capital.
When using enrollment rate as the measure of human capital, our sample
includes 86 countries.

7

𝐹𝐷𝐼
In regressions, we take (ln 𝑅𝐷𝑖𝑡
+ 1) and (ln 𝑅𝐷𝑖𝑡𝑀 + 1).

8

OECD20 includes Australia, Austria, Belgium, Canada, Denmark, Finland,
France, Germany, Ireland, Italy, Japan, Netherlands, New Zealand,
Norway, Portugal, Spain, Sweden, Switzerland, the U.K., and the U.S.
For example, if in year t, 5% of total FDI outflows from the U.S. went to
Thailand, then 𝐹𝐷𝐼𝑈𝑆,𝑇ℎ𝑎𝑖𝑙𝑎𝑛𝑑 ∕ 𝐹𝐷𝐼𝑈𝑆 = 0.05. In this case, we can calculate

9

10

11
12

13

the knowledge stock transferred into Thailand from the U.S. through
FDI as 0.05 × 𝑅𝐷𝑈𝑆 .
In terms of the depreciation rate for R&D capital stock, Bureau of Labor
Statistics (BLS) considers that R&D in applied research is depreciated
at a rate of 10%, and R&D stock in basic research is not depreciated at
all (BLS, 1989). Coe and Helpman (1995) and Coe, et al. (1997)
calculate R&D stock based on a 5% depreciation rate. We report in our
paper results based on depreciation rates of both 5% and 10% for
R&D capital stock.
Figure 1 is constructed based on a 10% depreciation rate for R&D stock.
The 12 individual components include government stability, socioeconomic
conditions, investment profile, internal conflict, external conflict,
corruption, military in politics, religion in politics, law and order, ethnic
tensions, democratic accountability, and bureaucracy quality.
A few existing studies discuss the endogeneity concern in frontier models,
but mainly focus on X-variable (variables in the production function)
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14

15
16

17

endogeneity (Guan, Kumbhakar, Myers, & Oude-Lansink, 2009).
Potential endogenous inefficiency factors have not been discussed in
the literature. Basic stochastic frontier models as well as most
software packages for this type of analysis cannot account for
endogenous variables, either in the production function or in the
inefficiency function. Fully addressing the potential endogeneity
problem in the inefficiency function is beyond the scope of this paper.
We use in the inefficiency function lagged values of FDI transferredand imports transferred- R&D instead of contemporaneous values to
control for endogeneity.
Post-estimation discussions based on other models are available upon
request.
γ is bounded between zero and one.
Senhadji (2000) points out that the size of Ek in developing countries
relative to Ek in developed countries can be ambiguous although the
literature suggests that Ek in developing countries is larger than that in
developed countries. Ek is calculated as the product of marginal
product of capital (∂Y ∂K) and the capital-output ratio (K/Y). Senhadji
argues the marginal product of capital (MPK) is high in developing
countries, but their capital-output ratio is low, which leads to
uncertainty in the value of Ek. Similarly, the high capital-output ratio in
developed countries can be offset by their low value of MPK due to
diminishing returns and therefore the size of Ek can be uncertain in
developed countries as well. In Koop et al. (1999), the authors focus
on 17 OECD countries and they observe that countries with very high
K/L ratio may have very low output elasticity with respect to physical
capital. In some cases, the value of EK can be up to 0.9 and much
higher than the value of EL.
The level inefficiency is − ln(0.78) = 0.25.
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